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ABSTRACT
Evaluation of Concrete Median Barrier Delineation Under Poor Visibility
Conditions

Kari A. French
A nationwide survey, durability test, and visibility test were conducted for
concrete median barrier delineation. PENNDOT was encountering with delineators
becoming detached due to harsh conditions in the roadside areas, as well as visibility
problems in spot locations prone to fog. From the results of the research it was
recommended that in areas prone to poor visibility conditions, PENNDOT consider
decreasing the longitudinal spacing and providing delineation lower on the barrier than
shown in the standards. With respect to the durability, in instances where the “peel-nstick” delineators are comparable in price to obtaining the delineator and adhesive
separately, that special consideration should be given to the “peel-n-stick” delineators.
Their installation time was found to be less, and their durability was perfect over the one
year period monitored. They should also be given special consideration in instances
where traveler delay due to the traffic control set up to install the delineators is critical.
Finally, the literature review revealed that the ultimate solution to delineation under poor
visibility conditions is light-emitting delineation and should be considered as a long term
solution.

ACKNOWLEDGEMENTS

I would like to express my most sincere appreciation to Mr. Michael Dufalla, the
district engineer at PENNDOT 12-0, for his support and encouragement during this
research project. Without his time and guidance this project would not have been
possible.
I would also like to thank Dr. David Martinelli for his guidance and assistance
throughout my graduate program. Likewise, I extend my gratitude to my supervisors at
PENNDOT for their encouragement and patience.
Finally, I would like to extend a special thanks to my brother Jim for his hard
work and direction, and setting such a great example throughout my entire college career.

iii

Table of Contents

Abstract………………………..……………………………………………………...…ii
Acknowledgements…………….……………………………………...……iii
Table of Contents………………………………………………………...…iv
Chapter 1 Introduction
1.1 Introduction…………………………………………………………………….….…1
1.2 Problem Statement…………………………………………………………….……...1

Chapter 2 Literature Review
2.1 Principles of Delineation and Traffic Control Devices……………………………..5
2.1.1 The General Principles of Traffic Control Devices………………………5
2.1.2 Principles Specific to Delineators………………………………………...9
2.2 Key Components of Delineation……………………………………………………11
2.2.1 Elements of Delineation Design……………………………………….....11
2.2.2 Retroreflection……………………………………………………...…….12
2.2.3 Visibility………………………………………………………………….21
2.2.4 Driving Task……………………………………………………………...30
2.2.5 Environmental Considerations…………………………………………...33
2.3 Current Issues and Research in Concrete Median Barrier Delineation…………….36
2.4 State of Practice Survey of Concrete Median Barrier Delineation…………………37
2.4.1 Current PennDOT Standards and Practices………………………………38
2.4.2 Delineator Standards from Other States………………………………….45

iv

Chapter 3 Durability Test
3.1 Durability Testing…………………………………………………………………..55
3.2 Introduction and Methodology……………………………………………………..55
3.3 Results………………………………………………………………………………56
3.3.1 Application Rate………………………………………………………….56
3.3.2 Survival Rate………………..…………………………………………….57
3.3.3 Cost Analysis…………………………………………………………..…60
3.4 Concluding Remarks………………………………………………………………..61

Chapter 4 Visibility Test
4.1 Visibility Testing…………………………………………………………………...63
4.2 Introduction and Test Description………………………………………………….63
4.3 Phase I – Baseline Conditions………………………………………………………67
4.4 Phase II – High vs Low Side-Mounted Delineators………………………………..68
4.5 Phase III – Low vs Three Side-Mounted Delineators………………………………72
4.6 Phase IV – Halved Spacing…………………………………………………………75
4.7 Conclusions…………………………………………………………………………77

Chapter 5 Summary and Conclusions
5.1 Summary of Conclusions…………………………………………………………...80
5.2 Literature Review and State of Practice Survey……………………………………80
5.3 Durability Testing…………………………………………………………………..82
5.4 Visibility Testing…………………………………………………………………...83
5.5 Recommendations…………………………………………………………………..84
References…………………………………………………………………….. …...85
v

Appendix A – Standards and Specifications from Other States………………..…A-1
Appendix B – Durability Test Calculations…………………...………………..…B-1
Appendix C – Visibility Test – Baseline Conditions………….………………..…C-1
Appendix D – Visibility Test – High vs Low Side-Mounted Delineators……..…D-1
Appendix E – Visibility Test – Low vs Three Side-Mounted Delineators…….…E-1
Appendix F – Visibility Test – Halved Spacing………………………………..…F-1

vi

List of Tables
Table

Page

3-1

Application Rates Associated With Each Adhesive
Type

57

3-2

Arrangement of Delineators in the Durability Test
Sections

58

3-3

Actual Mean Temperature vs Normal Mean
Temperature – 9/01 to 9/02

59

3-4

Cost Analysis

61

4-1

Summary of Baseline Conditions

68

4-2

Summary of Results for Phase II of Visibility
Testing

70

4-3

Comparison of Speeds During the Low Speed Hours Phase II

72

4-4

Summary of Results for Phase III

74

4-5

Comparison of Speeds During the Low Speed Hours Phase III

75

4-6

Summary of the Results for Phase IV

76

4-7

Comparison of Speeds During the Low Speed Hours Phase IV

77

vii

List of Figures
Figure

Page

I

Different Types of Reflection

13

II

Comparison of Perfect Retroreflectors to Roadway
Retroreflector

14

III

Observation and Entrance Angles

16

IV

Typical Delineator with Prismatic Retroreflective
Sheeting

17

V

How Prismatic Retroreflectors Reflect Light

18

VI

PennDOT’s Standard Drawing for Concrete Median
Barrier Delineation (TC-7604)

40

VII

PennDOT’s Previous Standard Delineators

41

VIII

Three Side Row Delineation Configuration

44

IX

Visibility Test Section Layout

65

X

Phase II Configuration

69

XI

Phase III Configuration

73

XII

Preliminary Configuration for PENNDOT Standard

79

viii

Chapter 1 Introduction

1.1 Introduction

Concrete median barrier delineators are reflective or light-emitting devices that are placed
in series on a median barrier divider between opposing directions of traffic. The specific type of
median barrier addressed in this research is the safety-shaped, also known as the F-shaped or
“jersey” barrier. Delineation of these barriers is of interest to the Pennsylvania Department of
Transportation (PENNDOT) because:
(1) Due to durability problems caused by vandalism and the affects of adverse
environmental conditions in the roadside area where they are mounted, this delineation
causes a significant maintenance problem for the Department.
(2) During poor visibility conditions, particularly fog and snow, there is a perceived
increase in the frequency of side-swipe collisions with the barrier.
(3) In response to the above-mentioned problems, different entities within PENNDOT
have tried various delineation designs, without any scientific feedback on the
effectiveness of the strategies.
In order to adequately evaluate the effectiveness of concrete median barrier delineation,
particularly under poor visibility conditions, background information regarding this issue was
required. A comprehensive literature review was conducted in order to understand delineation,
the principles of retroreflectivity and visibility, and the effects of poor atmospheric conditions on
visibility and the driving task. This review also focused on the deterioration and damage
1

incurred by the delineator due to its location in the roadside environment, which is generally very
close to the traveling lanes. Finally, current research and issues in the area were identified.
In addition, a survey of standards and specifications for concrete median barrier
delineation from other states was conducted. A survey was also conducted of PENNDOT
personnel to determine strategies that they have tried in the past.

1.2 Summary of Results and Proposed Field Tests

There is an opportunity for updating the PENNDOT standard for concrete median barrier
delineation to make it more effective in areas prone to poor visibility conditions. Field
experiments that are proposed to this end and are as follows:

1.

Test the effect of delineator configuration on driving performance under poor visibility
conditions for barrier that is close to the traveling lane, as measured by driving
performance indicated by speed.
Test Overview: Four 1500-foot to 1800-foot long test sections will be established on
SR 40 just west of the crest of Summit Mountain near Uniontown, Pennsylvania. Two of
the sections will be in the upgrade direction and the other two will be in the opposing
lanes in the downgrade direction. Speed data will be collected at each test section under
good visibility conditions to validate the suitability of the test sections and provide a
baseline for driving performance in the area. During Phase I of the configuration testing,
the following configurations will be tested:
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-

Delineator on top and side near the top – Current PENNDOT standard

-

Delineator on top and side near the bottom

During Phase II of the configuration testing, the following configurations will be tested:
-

Delineator on top and one on the side (either top or bottom, to be determined as a
result of the Phase I testing)

-

Delineator on top and three on the side

Speed measuring traffic counters will be placed in each section. Speed comparisons
will be made. For each section, a test of statistical significance will be conducted
between speed data collected (1) in the adjacent sections, (2) between the two
configurations, and (3) between the speed data collected under poor visibility conditions
and good visibility conditions.

2.

Test the effect of delineator spacing on driving performance under poor visibility
conditions for barrier that is close to the traveling lane, as measured by speed.
Test Overview: One of the above-mentioned delineator configurations will be
selected to test the influence of spacing on driver performance. In both the upgrade and
downgrade direction, one of the test sections will have the delineators spaced at the
standard rate and the other will have spacing that is half the standard rate. Speed data
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will be used as in (1) to determine the effect on driving performance. A test of statistical
significance will be conducted between speed data in the two sections.

3.

Measure the rate of delineator installation and survival for two mounting techniques:
typical adhesives and adhesive used with Sun Labs adhesive.
Test Overview: The following three delineator applications will be tested to
determine their installation and survival rate: (1) typical adhesive commonly used at
PENNDOT, (2) a different, yet similar adhesive to the first type, (3) adhesive used with
Sun Labs products having a butyl pad backing. Three test sections will be established,
each section using a different application type. For each section, the rate of mounting and
survival after one year will be measured. These will be used to perform a benefit-cost
study of each application type. Each test section will contain approximately 17
delineators. Delineators will be mounted on the top and on the side near the bottom.

The outcomes of the testing will determine whether updates to the current standard should be
proposed.

4

Chapter 2 Literature Review

2.1

Principles of Delineation and Traffic Control Devices

In this section, first some general principles of traffic control devices are reviewed and
related to the specific function of delineation, particularly concrete median barrier delineation.
Second, some of the documented principles and requirements specific to delineation are
identified.

2.1.1

The General Principles of Traffic Control Devices

Delineators, in the most general sense, are traffic control devices. The purpose of traffic
control devices is addressed in the Manual on Uniform Traffic Control Devices (MUTCD)
(FHWA, 2000),

The purpose of traffic control devices, as well as the principles for their use, is to promote
highway safety and efficiency by providing for the orderly movement of all road users on
streets and highways throughout the nation.
Traffic control devices notify road users of regulations and provide warning and guidance
needed for the safe, uniform, and efficient operation of all elements of the traffic stream.

The primary purpose of delineators is to provide guidance information to assist the driver
in following the roadway alignment. According to the Roadway Delineation Practices Handbook
(Migletz, Fish and Graham, 1994), “delineation” is:
5

“any method of defining the roadway operating area for the driver...(and) is defined as
one, or a combination of devices (excluding guide signs), that regulate, warn, or provide
tracking information and guidance to the driver.”

The guidance provided by delineators is useful to the driver in particularly difficult
driving circumstances, such as night-time driving, in adverse weather, and locations where the
alignment might be confusing or unexpected. However, it is also useful and typically used for
more general purposes, regardless of whether special circumstances exist. In the case of concrete
median barrier delineation, it also marks the location of the median barrier, which can assist the
driver in avoiding collisions with it. Because it is color coded to match the adjacent pavement
marking it also provides some regulatory information.
According to MUTCD (FHWA, 2000), there are five fundamental requirements for traffic
control devices to be effective. As traffic control devices, these are generally applicable to
delineators and specifically concrete median barrier delineation. The requirements are as
follows:

1.

Fulfill a need.

2.

Command attention.

3.

Convey a clear, simple meaning.

4.

Command respect of road users.

5.

Give adequate time for response.

6

All of these requirements are important to concrete median barrier delineation. Relative
to the first requirement, if there is no need for the delineation, then it is wasteful to place and
maintain the devices in the field. Unlike other traffic control devices, where their unneeded use
leads to violation and disrespect of that particular device and all devices in general, unneeded
delineators are likely to be simply ignored by the driver and become a maintenance burden for
the Department of Transportation.
Relative to the second requirement, the key to commanding attention is proper size and
placement. The delineator must have an appropriate amount of reflective (or other means of
emitting light) area to catch the drivers’ attention. Furthermore, it must be located in the drivers’
cone of vision. Finally, since concrete median barrier delineators are primarily reflectors
mounted on the barrier for use during nighttime driving, they must also be located in cone of
light emitted by the headlight. Note that as will be discussed later, the attention commanded by
delineators is different than that commanded by other devices, such as signs, in that delineators
convey information on a more subliminal level.
The third requirement can have implications for the layout of delineators at a fixed point
along the highway. There are several known configurations of concrete median barrier
delineation either currently or previously in use. For example, a reflector may or may not be
placed on top of the barrier. Zero, one, two, or even three or more reflectors can be placed on the
sides of the barrier. The configuration of a series of delineators along a route may be uniform,
alternating, or varying in some other way. In the case of concrete median barrier delineation, the
delineation must convey the alignment of the roadway, and also to a certain extent, it must
convey the location of the barrier to allow the driver to identify it.
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The concept of commanding respect is generally tied to other traffic control devices, most
typically warning signs. For example, setting up work zone traffic control devices when there is
no work being performed degrades driver respect for work zone traffic control the next time it is
encountered. One problem caused by the lack of respect for concrete median barrier delineation
is vandalism of top-mounted reflectors.
Adequate time for response to concrete median barrier delineation is directly tied to
spacing of the delineators, and indirectly tied to the configuration, type, and size of the
delineators. This is particularly important during adverse environmental conditions, when the
driver may be depending solely on the delineation for guidance information. If the spacing is too
large, the driver may lose sight of the delineation for a period of time, causing them to deviate
from the proper driving path. The spacing required is a direct function of the visibility of the
delineators. The greater the visibility of the delineation, the larger the spacing that can be
accommodated.
The Policy on Geometric Design of Highways and Streets (AASHTO, 2001) also briefly
addresses the needs for delineation. In the discussion on “Signing and Marking”, AASHTO
identifies delineators as a “marking”, noting:

“Where removal (of physical obstructions near the roadway) is impractical, such objects
should be adequately marked by painting or by use of other high-visibility material...Postmounted delineators are (a) type of marking device used to guide traffic, particularly at
night. Reflector units are installed at certain heights and spacings to delineate the
roadway where alignment changes may be confusing and not clearly defined.”
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This discussion reinforces the role of delineators in guiding traffic. Although the MUTCD is
hesitant to accept the role of delineation in marking a hazard, the AASHTO publication does
mention this function.
Furthermore, delineators are classified as a specific type of traffic control device in the
MUTCD (FHWA, 2000), namely a “marking.” According to the MUTCD (FHWA, 2000), the
function of a marking is to provide “guidance and information for the road user ... while allowing
minimal diversion of attention from the roadway.”
Again, this is a reinforcement of the role of the delineator in guiding traffic. It also raises
an important point to be made about the way in which delineators much accomplish this function.
Its role is generally supplementary. It must provide information to aid the driver without
becoming a primary focus.

2.1.2

Principles Specific to Delineators

The MUTCD (FHWA, 2000) also has a specific section devoted to delineation. This section
provides more specific guidance on the function and application of delineation. The key points
relevant to concrete median barrier delineation:

•

Delineators are retroreflective devices, primarily used as an aid in nighttime driving and
during adverse weather. It was noted that the 1988 version of the MUTCD did not mention
aiding drivers during adverse weather. This was newly added for the 2000 edition.

•

They are mounted above the roadway surface and along the side of the roadway in a series to
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indicate roadway alignment, and as such are considered guidance devices rather than warning
devices.
•

An important advantage of delineators is that they remain visible when the roadway is wet or
snow-covered. (FHWA, 1988) This clause was removed between the 1988 and 2000 editions
of the MUTCD.

Six key requirements of delineators relevant to concrete median barrier delineation were also
noted (FHWA, 2000):

1.

Delineators shall consist of reflector units capable of clearly reflecting light under normal
atmospheric conditions from a distance of 1000 feet when illuminated by the upper beam
of standard automobile lights.

2.

Reflective elements for delineators shall have a minimum dimension of 3 inches

3.

The color of delineators shall, in all cases, conform to the color of edgelines.

4.

The top of the highest retroreflector is 4 feet above the near roadway edge.

5.

They should be in line with a roadside barrier that is 8 feet or less outside the outer edge
of the shoulder.

6.

The closest delineator spacing recommended for any condition (curvature, facility type,
etc.) was 20 feet, corresponding to a 50-foot radius curve.

The MUTCD (FHWA, 2000) also provides general delineation requirements for
horizontal curves, freeways and expressways and their interchanges and truck escape ramps.
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Delineators should be spaced 200 to 530 feet apart on mainline tangent sections, 100 feet apart
on ramp tangent sections, and 20 to 90 feet in curved sections, depending on the curvature.
There was no guidance specific to either (1) concrete barrier delineation or (2) delineation during
adverse weather conditions.

2.2

Key Components of Delineation

In this section, some of the key principles related to delineation design are presented.
Section 2.2.1 presents definitions of some of the key variables in delineation design. Sections
2.2.2 and 2.2.3 present the important principles of retroreflectivity and visibility as they relate to
delineation. Section 2.2.4 discusses the driving task, and in particular the portions relying on
delineation. Section 2.2.5 concludes this section with an investigation of the environmental
conditions present in the roadside area that have an impact on delineator performance and life.

2.2.1

Elements of Delineation Design

This purpose of this subsection is to briefly define the key variables in delineation design
and layout.

Size - This is the size of the delineator, which may or may not be the size of the reflective area if
it does not cover the entire delineator.
Spacing- The distance between delineators, measured longitudinally along the roadway.
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Reflective Area - The area containing the retroreflective sheeting or element.
Configuration - How delineators are positioned on a transverse cross-section of the barrier.
Delineators are typically positioned either on the top only, side only, or both top and side. There
can be several rows on the side.
Mounting - How the delineators are fixed to the barrier, usually through bolting or gluing.

2.2.2

Retroreflection

Except for the few delineators that emit light, delineators function by reflecting light from
vehicle headlamps back to the driver. Thus, the reflectivity properties of delineators are crucial
to their operations. Delineators, like most traffic control devices that use reflected light for
nighttime visibility, are retroreflective. Retroreflection is defined as the ability of a surface to
reflect incoming, or incident, light predominately in the direction of the source (Migletz, Fish and
Graham, 1994). In the context of driving, this means that the light from the vehicle headlamps is
redirected back towards the vehicle, thus making the delineator visible to the driver.
Retroreflection is unlike the reflection of light off a mirrored surface, which directs light at an
angle that is equal and opposite to the direction of its source. The perfect retroreflector reflects
light in the exact reverse direction of the light incident upon it, which in highway applications
would be directly back at the headlamps. Thus, drivers would not be able to see a perfect
retroreflector because none of the light would be directed towards their eye.

In highway use,

however, retroreflectors are not perfect. Some of the light is absorbed by the reflector, and the
remainder of the light is scattered in all directions predominately in the direction of the source, in
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this case the headlamps. In this way, some of the reflected light reaches the eye of the driver.
Figure I shows different types of reflection and Figure II shows the comparison of a perfect
retroreflector to actual roadway retroreflector.

Figure I – Different Types of Reflection, (Migletz, Fish and Graham, 1994)
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Figure II – Comparison of Perfect Retroreflectors to Roadway Retroreflector, (Migletz, Fish and
Graham, 1994)
In this section, some of the principles related to retroreflectivity are explained, and the
general classes of retroreflective sheeting are presented. Please note that the most common and
significant retroreflective traffic control device is the sign. As such, much of the material
presented in this section was detailed in work related to signs. However, with a few exceptions,
the principles are transferable from one to other.
An understanding of the principles of retroreflectivity begins with an understanding of the
terms and units of measurement related to light and retroreflectivity. Light, from vehicles
headlamps, is measured in terms of candlepower (cp), or the metric candela (cd). Illuminance,
measured in foot-candles (fc) or metric lux (lx) is a measure of the amount of light falling onto a
surface. Once the light is reflected from the surface to the driver it is termed luminance. This is
what the driver actually sees. Luminance is measured in candelas per square foot (cd/ft2) or
square meter (cd/m2). Reflectivity is measured as the coefficient of retroreflected luminance, RL,
which is defined as the ratio of the luminance of a surface to the normal illuminance on the
14

surface (Migletz, Fish and Graham, 1994). This is basically the amount of light leaving the
retroreflective material per the amount of light striking it from the source. It is given the English
units of candelas per foot-candle per square foot (cd/fc/ft2) or the metric equivalent of candelas
per lux per square meter (cd/lx/m2).
The ability of a retroreflective material to direct light back to its source is also described
by another property, its angularity. In the case of delineators, angularity is defined by the angle at
which light is directed towards the delineator (known as the entrance angle) and the angle at
which light is returned to the driver (known as the observation angle.) In terms related to the
driving population, these are the angles at which the light from the headlight strikes the
delineator perpendicular to its surface, entrance angle (φ), and the angle between the incoming
light and the reflected light as it is seen by the motorist on its return from the delineator,
observation angle (θ). The observation angle is a function of the difference in elevation between
the driver's eye and the headlamp, while the entrance angle is a function of the horizontal
distance between the delineator and the vehicle. See Figure III. A small change in the
observation angle can have a large impact on the amount of light reflected back to the driver.
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Figure III – Observation and Entrance Angles, (Migletz, Fish and Graham, 1994)
Retroreflective delineator materials return a spreading cone of light over a range of
observation angles. As a vehicle approaches a delineator, the observation angle increases, thus
narrowing the cone of light reflected to the driver. The light at the center of the cone is most
intense and gradually dissipates as the distance from the source is increased. This spreading of
the cone is what allows motorists at varying observation angles to see the retroreflected light.
16

Retroreflection for delineators is most commonly accomplished through the use of retroreflective
sheeting. Most retroreflective sheeting is composed of either glass beads with a reflecting
surface behind them or prismatic reflectors. Prismatic retroreflection is the result of internal
reflection, as light enters it is reflected off the first surface to the rear surface which then reflects
the light to the last surface and then back to the source. Figure IV shows a typical delineator with
prismatic retroreflective sheeting. Figure V shows how prismatic retroreflectors reflect light.

Figure IV – Typical Delineator with Prismatic Sheeting
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Figure V – How Prismatic Retroreflectors Reflect Light, (Migletz, Fish and Graham, 1994)

According to the ASTM Standards Specifications for Retroreflective Sheeting for Traffic
Control, D 4956-95 there are six categories of retroreflective sheeting material that apply to
delineators:
•

Type I: A medium-intensity retroreflective sheeting referred to as "engineering grade" and
typically enclosed lens glass-bead sheeting.

•

Type II: A medium-high-intensity retroreflective sheeting sometimes referred to as
"super-engineering grade" and typically enclosed lens glass-bead sheeting.

•

Type III: A high-intensity retroreflective sheeting that is typically encapsulated glass-bead or
prismatic retroreflective material.

•

Type IV: A high-intensity retroreflective sheeting that is typically and unmetallized
microprismatic retroreflective element material.
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•

Type V: A super-high-intensity retroreflective sheeting that is typically an abrasion-resistant
metallized microprismatic retroreflective element material.

•

Type VI: An elastometric-high-intensity retroreflective sheeting without adhesives. This
sheeting is typically a vinyl microprismatic retroreflective material.

PENNDOT also has two additional categories of retroreflective sheeting. They are the
following types:
•

Type VII: A super-high-intensity retroreflective sheeting sometimes referred to as "Diamond
Grade" and typically a resin-filled prismatic retroreflective material.

•

Type VIII: A fluorescent high-intensity retroreflective sheeting that is typically encapsulated
glass-bead unmetallized microprismatic or resin-filled prismatic retroreflective material.

Since this research will not deal with reflective sheeting, this topic will not be covered in
depth. However, a few facts about the sheeting, which may be pertinent, include:
•

In general, the sheeting types are generally more reflective and more expensive as grade
increases. For example, Type IV is seven times as bright as and four times the cost of Type I
sheeting. (Moeur, 1999) Diamond Grade sheeting can be up to 14 times as bright as and five
times the cost of Type I sheeting. (Moeur, 1999). The service life also increases slightly,
from approximately seven years for Type I to ten years for Types IV and VI (Moeur, 1999).
All grades can be and generally are used for signs. However, Types V and VI have special
applications and Type VIII is an emerging issue given the recently approved applications of
fluorescent-colored signs.
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•

PENNDOT currently specifies Type V sheeting for delineators. The typical use of Type V
sheeting is in delineators and raised pavement markers, although it can also be used in signs
(Moeur, 1999). Its service life is approximately 5 ½ years (Moeur, 1999). The 5 ½ year
service life is not typically an important consideration, as other aspects of the delineator life
cycle, such as vandalism or falling off the barrier typically dictate their service life.
However, if these elements become neutralized, the service life of the reflective material
would become an issue.

•

Prismatic retroreflectors, which includes Type V, generally appear brighter than glass bead
retroreflectors because prismatic retroreflectors gather and return light in a narrower beam
(Wright, 1996).

•

Microprismatic sheeting contains many units of “minute corner-cubed prisms per square inch
that are embossed into a clear and durable sheeting material” according to the Traffic
Engineering Handbook. (ITE, 1992)

•

The properties of the retroreflective sheeting do not remain constant with time. There are
many ways in which the sheeting can degrade and reduce the amount of light that is returned
to the driver. The amount of exposure to solar radiation, high temperatures, abrasion from
debris, and other forces of nature significantly reduce the service life of a delineator. The
original quality of the sheeting has also been cited as a cause of degradation. These effects
will be discussed in more detail in Section 1.2.5.
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2.2.3

Visibility

In this section, some of theoretical aspects of visibility are reviewed, particularly as it
relates to traffic control devices and adverse environmental conditions. The section concludes
with some pertinent research findings related to visibility, delineation, and adverse environmental
conditions that were found during the literature review.

Visibility Criteria

The criteria that determine the visibility of delineators are luminance, contrast,
conspicuity and the prevailing weather and atmospheric conditions. Each will be discussed
below.
As previously mentioned, luminance is the amount of light reflected from a surface, in
this case, a delineator. The overall amount of delineator luminance is important, and a major
contributor to whether the delineator can be comfortably seen. However, the distribution of
luminances in the driver field of vision is of crucial importance for visibility.
There are many ways to define relative luminances, the most common procedure is to
specify the ratio of two luminances that exist side by side. This ratio is known as contrast.
Contrast, in the context of delineation, is provided in the equation below:
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C=

LD -LB
---------LB

where:
C = Contrast
LD = Luminance of the delineator
LB = Background luminance

Contrast determines how clearly an object stands out from its background and is therefore
a better measure of a delineator's visibility than luminance. In general, the greater the contrast,
the better the visibility. Note that contrast, and hence delineator visibility, can be negatively
affected not only by a decrease in the luminance from the delineator, but also from an increase in
the background luminance. As will be seen, in many cases this is the reason for visibility
problems.
The concept of contrast can also be related to median barrier / road surface visibility.
Because these are often constructed from the same or similar material having similar colors, the
contrast between the median barrier and the road surface can be low. This situation exists during
the daytime as well as the night, although the need for contrast decreases under daytime
conditions.
Conspicuity is defined as the likelihood that a driver will notice a certain target at a given
distance (Migletz, Fish and Graham, 1994). Unlike luminance and contrast, conspicuity is not
easily determined and is dependent upon many factors, some of which are very unpredictable.
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Generally speaking, however, it is probably the best measure of visibility. The factors that affect
how conspicuous a traffic control device will appear to the driver are given below (McGee and
Mace, 1987):
•

Eccentricity

•

Degree of expectation

•

Visual complexity of the background area

•

Size

Before a discussion of these items, note that the concept of conspicuity is not applied to
delineators like other traffic control devices, such as signs. Part of function of delineation is to
indicate the roadway alignment without being a distraction. The information provided by
delineators should be accepted and processed on a more subliminal level than, for example, a
stop sign, which requires specific driver decisions and responses. In short, delineators should
clearly appear in the driver field of vision without attracting too much attention.
Eccentricity is a measure of how far away the driver's line of sight can be in order for the
delineator to remain detectable. For near guidance information, it is logical to assume that the
further the delineation is from the line of sight, the less likely it is that the delineator will be
detected. However, since the field of vision converges towards the center, a certain amount of
eccentricity is tolerable for far guidance purposes. As will be seen, some states have warrants for
placing delineation on concrete median barrier that is based on the distance from the barrier to
the traveling lane.
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Driver expectancy is an important factor in determining how conspicuous a traffic control
device will appear. If the driver is seeking the device, it will appear much more conspicuous.
However, given the steady and repeating nature of delineation, the concept of expectancy is not
applied like it might be for single device, such as a stop sign. Expectancy is important in
delineation in that drivers following the path marked by it build up an expectance relative to its
path. They expect that following the delineation path coincides with following the road. Missing
delineators or other inappropriate changes in delineation design, particularly in curves, could
cause problems.
Visual complexity is not easily understood or measured. However, it can have an extreme
effect on the conspicuity of some traffic control devices. In situations where there is high
complexity the traffic control device must compete with the distractions and visual clutter of its
surroundings. Concrete median barrier delineators generally have only the median barrier and
oncoming traffic for competition. While the median barrier provides a good background,
oncoming traffic, particularly their headlamps, can have a significant affect on conspicuity.
The size of a delineator affects how much it stands out from its surroundings. A larger
delineator will have more reflective area and will better compete with background clutter.
However, it is interesting to note that in fog visibility research, it was determined that the
visibility of a luminous source--an automobile tail light--was dependent on the intensity of the
light and not size. (Institute of Transportation and Traffic Engineering, 1969) In contrast, in
research on pavement markings, it was determined that a wider pavement marking of less
brightness was as visible as a narrower marking of greater brightness (Hoffman and Firth, 1985).
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Neither of these was concerned strictly with delineators, so neither is definitive on the topic.
This is an issue worth pursuing specifically as it relates to the size of delineators under poor
visibility conditions.
There is no numerical measure for conspicuity. Assessing it involves a qualitative evaluation
of the above-mentioned factors. The most pertinent point related to conspicuity of delineators is
that it can be controlled by adjusting the above-mentioned factors. However, it must be
remembered that more conspicuity will not always lead to a better driving condition.

Visibility Under Adverse Environmental Conditions

It is well known that climate and weather conditions can contribute to the ineffectiveness
of delineation because of degradation of visibility. Specific conditions that could have an
adverse effect on the visibility of delineation are rain, snow, fog and particulate matter.

Rain

Rain can have a great impact on the visibility of a delineator. In general, rain reduces the
driver's ability to see the surroundings, particularly if it accumulates on the windshield at a rate
faster than it can be removed. At night, the combination of glare from oncoming headlights
reflecting off the film of water on the road surface increases background luminance levels and
erodes delineator contrast. Also retroreflectivity is lost due the film of water directly on the
delineator and the dispersement of light as it comes in contact with the droplets of airborne
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water. As the light beam hits the water particles, the light is dispersed and refracted, therefore
shifting the light rays from the delineator in different directions. Very few light rays are reflected
back to the driver. In addition, water lying on the delineator can affect the angle at which light
enters and exits the delineator, which is a key to retroreflection. The increase in background
luminance, coupled with the decrease in the delineator luminance, decreases the contrast of and
the ability to see the delineator. As will be seen, the reduction in visibility during snow and fog
conditions is also caused by the reduction in contrast. However, it is more dramatic in these
situations.
Rain does not have a great impact on the durability of delineators. However, they are
subject to splashing from wet highways, which may cover them with dirt or degrade their
retroreflectivity. This will be discussed in Section 1.2.5.

Snow

The effect of snow on visibility is two-fold. First, all types of markings, concrete median
barrier delineators included, can become snow-covered and thus not visible. The most
susceptible marking to snow cover is the pavement marking. However, depending on the size
and shape of the delineator and the intensity of the snowfall, delineators mounted on concrete
median barrier can also become snow-covered. It would seem that the further the delineator
sticks out from barrier, the less likely it would be to become covered by accumulating snow.
However, this is not necessarily so, as snow can accumulate on vertical surfaces (delineator)
without the need to build up from a horizontal surface (barrier).
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Second, snow affects driver visibility. Visibility is most affected by the reflection of head
lamp light off the snowflakes back towards the driver. This increases the background luminance
relative to the delineator. As with rain, the increase in background luminance, coupled with the
dramatic decrease in the delineator luminance, greatly decreases contrast of and the ability to see
the delineator. The effect of an intense snowfall is more likely to effect visibility than an intense
rain. Snowplowing activity and deicing salts also have a detrimental effect on the delineator.
This will be discussed in Section 2.2.5
Generally speaking, rain and snow conditions both obliterate other markings providing
guidance information faster than delineators. Pavement markings for example, can be obliterated
in a matter of seconds under these conditions. During these times, delineators take on added
importance in providing guidance information. There are times when the only traffic control
device providing guidance information are delineators.

Fog

Fog also greatly reduces a driver's visibility. Fog is a ground level cloud composed of
water droplets varying in diameter from 2 to 50 microns with concentrations between 20 and 500
droplets per cubic centimeter of air. Fog becomes denser in areas of high particulate matter,
commonly referred to as smog.(FHWA, 1990) Research performed in the late 1970s indicated
that driver performance is not seriously degraded until visibility drops below 600 feet in daylight.
(Heiss, 1976).
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As with rain, the light from the head lamps is reflected, refracted, and generally dispersed,
making the amount of reflected light reaching the driver minimal. At the same time, because the
water droplets are smaller and more concentrated, the dispersed light in the fog, particularly the
light reflected back to the driver, greatly increases the background luminance relative to clear
conditions. As with snow conditions, the increased background luminance coupled with reduced
delineator luminance drastically reduces the delineator contrast making it difficult and many
times impossible to see.

Particulate Matter

Particulate matter, such as dust or smoke, can be significant problems in different parts of
the country, where dust or sand storms occur. Only limited research was found on this topic, but
one source did document occurrences of zero (0) visibility during a dust storm. (Blackledge and
Burritt, 1977) It is likely that these airborne particles differ from water droplets in their ability to
reflect, refract, and disperse light. It is more likely that visibility problems under these conditions
are caused by a masking of the roadway environment, with minor contributions from light
dispersion. However, this statement is highly dependent on the constituency of the particulate
matter and atmospheric conditions.
Particulate matter also has a damaging effect on the delineators, as they are subject to
abrasion from the airborne particles. This will be discussed later Section 1.2.5.
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Pertinent Research Findings

The following are miscellaneous findings related to visibility of delineators that were found
during the literature review.

Driver Visibility Findings From by the Roadway Delineation Practices Handbook (Migletz, Fish
and Graham, 1994):

•

Drivers 65 and older may require four times as much light to see as well as a 39-year-old.

•

Older drivers adopt less flexible searching strategies.

•

Driver perception-reaction time continually increases with age.

•

Recommendations were made to double the value of luminance contrast to account for older
or impaired drivers.

•

Two (2) seconds of preview time is required for short-range guidance and a minimum of
three (3) seconds is required for long-range guidance. At 40 km/h (25 mi/h), delineation must
be visible at least 34 m (110 ft) ahead; at 90 km/h (55 mi/h), delineation must be seen at least
76 m (250 ft) ahead.

•

Optimal contrast levels and, therefore, the required reflectivity to allow for processing at a
higher level must account for conditions (such as fog, rain, dew, glare) that could alter a
minimum contrast achieved in clear, dry weather.

29

Driver Visibility Findings From Other Sources:

•

There was evidence that after 11 months raised pavement markers (RPMs) retained
operational effectiveness with respect to near delineation but that their effectiveness as a far
delineator was degraded (Krammes and Tyer, 1991).

Note: RPMs are delineators much like concrete median barrier delineators. However,
RPMs are subject to wear from traffic, whereas concrete median barrier delineators are
not.
•

New prismatic RPMs in clear weather had a threshold visibility distance of 243 m (790 ft)
when dry and 198 m (660 ft) when wet. New prismatic RPMs in fog had a threshold visibility
distance of 109.8 m (360 ft) when dry and 100.6 m (330 ft) when wet (Blaauw and Padmos,
1982).
Note: To a certain extent, this demonstrates visibility reduction of delineators under rain
conditions.

•

Traffic-worn RPMs in clear weather had a threshold visibility distance of 131.5 m (430 ft)
when dry and 140.3 m (460 ft) when wet. Worn corner-cube RPMs in fog had a threshold
visibility distance of 70.2 m (230 ft) when dry and 109.8 m (60 ft) when wet (Blaauw and
Padmos, 1982).
Note: While not subject to wear directly from traffic, delineators are subject to the
abrasive effects of airborne road debris such as anti-skid material for winter maintenance.
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2.2.4

Driving Task

It has been stated that the primary function of delineation is providing guidance
information. This section reviews a popular conceptual framework of the driving task, and
focuses on information gathered and processed at the guidance level.
The information gathered and processed in driving a motor vehicle may be grouped into three
levels (Allen, Lunenfield, and Alexander, 1971):

•

Control

•

Guidance

•

Navigation

Control is related to the physical operation of the vehicle. Tasks such as steering and speed
control fall into this category. The consequence of inability to execute at this level can lead to a
crash. Guidance is a higher level of the driving task, as it combines the elements of controlling
the vehicle to follow the appropriate path. For example, the ability to steer and control speed are
applied to follow the road alignment, change lanes when necessary, select headways, execute
desired turns, etc. Errors at this level can also lead to crashes. The highest level of the driving
task is navigation. Navigation is related to planning and executing a trip. It involves knowing
the route between the origin and the selected destination, and the ability to follow the appropriate
path(s) through the highway network to successfully complete the trip. Driver errors at this level
generally only lead to the driver losing their way and becoming lost. The basic relationship
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between these levels is that the lower the level, the more critical it is to safe vehicle operation.
This has a direct relationship on driver information processing. In cases where the driver is
overloaded with information, the driver will process the information from the lower level in lieu
of a higher level. A classic example is navigation information placed amidst confusing or
difficult geometric conditions. The information needed to control or guide the vehicle will take
precedence over the navigation information, and the navigation information may be missed,
causing the driver to miss a route needed to reach the destination.
This review is specifically interested in the guidance level since this is the level at which
delineation contributes information to the driver. The following is a more detailed explanation of
the guidance level.

Guidance level of driver performance refers to the driver’s task of selecting a safe speed
and path on the highway. While performance at the control level is overt action,
performance at the guidance level is a decision process. The driver must evaluate the
immediate situation, make appropriate speed and path decisions, and translate these
decisions into control actions needed to survive in the traffic stream. Activities include
decisions to relating lane positioning, overtaking, and passing...(Alexander and
Lunenfield, 1975)

The role of markings and delineators was specifically addressed relative to the guidance
level in the Users Guide to Positive Guidance (Post, Alexander and Lunenfield, 1981).

Markings and delineators...provide messages to the driver, which are often redundant or
coded. Some messages are redundant in that they give the same information but in a
different form than given by the highway itself.... Coding is an important aspect of... their
color... and position. Whether markings are redundant, coded or carry discrete
information not carried elsewhere, they are an extremely important class of information
carrier.
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Delineation contributes information to this level primarily in the area of path selection.
The delineation marks the alignment of the road, albeit by marking a parallel path. As such,
consistency in delineation is important since changes in delineation can be perceived by the
driver as a change in the path that must be followed. Inconsistency can lead to crashes. In
addition, since control level information will take precedence over guidance information, a
steady, consistent stream of delineation will insure that the information is present when the driver
needs it and is mentally capable to process it. Lastly, providing clear, concise guidance
information contributes to better information processing at the navigation level, since less of the
drivers capacity will need to be contributed to the lower levels of information processing.

2.2.5

Environmental Considerations

As previously mentioned overall climate and environmental conditions in the
intermediate roadside area have a great impact on the physical condition and life of a delineator.
Passersby can also cause damage. Snow, particularly plowed snow, vandalism, abrasives,
sunlight, and temperature extremes all negatively impact the physical condition of delineators.
Rain is one of the few environmental conditions that improve the physical condition of
delineators. Each of these effects is described below.
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Snow

Although the actual snow itself does not do much damage to the delineator, snowfall
indirectly affects the life of a delineator. With the event of significant snowfall comes the
responsibility of keeping the roadway clear for vehicles. A few ways in which the roads are kept
clear are de-icing materials, anti-skid materials and snowplowing, or some combination. The
anti-skid material, in its nature, is required to be very abrasive to provide traction for traveling
vehicles. This abrasive material has a deteriorating effect as it is thrown or splashed onto the
delineator from passing vehicles. Likewise, the de-icing material is made from chemicals that
are known to deteriorate delineators. These de-icing materials often mix with snow on the road
and create slush that is splashed onto the delineators, placed near the bottom of the barrier, by
passing vehicles. This is a major concern for PENNDOT, as it was voiced as one of the primary
reasons for poor visibility. Similarly, as snowplows are clearing the roadway, delineators can be
impacted by either the plow blade or plowed snow, either of which can break the delineator or
knock it off of the barrier.

Vandalism

Occasionally damage done to the delineators can be caused by vandalism, particularly to
the large (12” high) top-mounted delineators. The delineators attract attention from passersby
and are easily knocked off the barrier simply by contacting them in some way at the prevailing
traveling speed. At 80-foot spacing (the maximum spacing in Pennsylvania) and 45 mph, 50 of
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these delineators can be knocked off the barrier in one minute. It is unknown if this can be
prevented through use of smaller delineators. However, it is logical that smaller delineators
could be less attention grabbing and a smaller target, while still achieving the same effect on
driving.

Blowing Dust

Dust and particulate matter accumulates on and along side of the road. As this dust gets
blown around by the draft from passing cars and wind, it can come in contact with the delineator,
causing an abrasive effect. Over time this dust and particulate matter can erode the surface of the
delineator, reducing the effectiveness and life of the delineator. This problem is significant
enough that special abrasive resistive Type V sheeting has been developed.

Rain

Generally speaking rain does not have an adverse effect on delineators, which are known
to be cleaned by the rain. However, when it rains, there is a tendency for mud puddles to form on
the side of the road. As traveling vehicles drive over these puddles, the dirt is thrown onto the
delineator, and over time can have an abrasive effect on the delineator. California, for example,
specifies that delineators be placed outside a “splash zone.”
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Sunlight

Ultraviolet rays from the sun have an impact on the effectiveness of a delineator.
Prolonged exposure to the sun results in color fading of the delineator and overall deterioration.

Extreme Temperatures

Temperature is also an issue when it comes to the life of a delineator. The thermoplastic
material that delineators are made from is created to withstand specific temperature extremes.
This is why the material used for these delineators vary in certain regions. For example, a
thermoplastic delineator formulated for the southwestern U.S. would not be appropriate for the
northeast and vise versa. Also, in colder climates, delineators have had problems with the freezethaw cycle. This freezing and thawing effect causes early failure by weakening the delineators
bond to the barrier.

2.3

Current Issues and Research in Concrete Median Barrier Delineation

Other than this project, there is currently not much attention being devoted to delineators
in the transportation research community. Major research in traffic control devices is currently
being focused on the use of fluorescent colors, older drivers, minimum in-service retroreflectivity

36

guidelines and special ITS-based needs. However, research has been performed in the past on
delineators and similar devices. The following discussion highlights some of the results.
Sun Labs in Uniontown, Pennsylvania, recently conducted research on an improved
flexible hinge between delineator base and mounting area for the retroreflective sheeting (Tshaped delineators, with the base as the cross-member and retroreflective sheeting mounted on
the stem). According to Sun Labs, this hinge was more flexible than other hinges under extreme
cold conditions, making it less susceptible to plowed snow and vandalism. They, as well as
numerous other companies, have also developed delineators that emit light. Cost and battery life
are known issues with these devices.
Another research report documented a preliminary field evaluation using ultraviolet
headlights in conjunction with fluorescent pavement markers. It was found that visibility was
increased 47% over the standard delineators and headlights. While the usage of fluorescent
materials is on the increase in the United States, it is uncertain if the usage of ultraviolet
headlights is on the increase or will ever be significant enough to guide the design of delineation.

2.4

State of Practice Survey of Concrete Median Barrier Delineation

For this purposes of this study, the state-of-the-practice can be defined as the way
concrete median barrier delineation is currently being implemented. The duty of delineating
median barrier typically falls at the state level, as such, it was desired to review the standards,
specifications, and other practices of state DOT officials relative to this topic. In this section, the
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standards, specifications, and practices of PENNDOT and other states are reviewed to define the
state of the practice in concrete median barrier delineation. A thorough review was conducted
for Pennsylvania, as the first section is devoted entirely to it. The second section deals with what
was found for the remainder of the states.

2.4.1

Current PENNDOT Standards and Practices

The current PENNDOT standard for concrete median barrier delineation is number TC7604, page 2 of 4 (adopted 12/15/99). The standard is shown in Figure VI. In short, the median
barrier has two retroreflective units at each location, one on top of the barrier and one on the side
placed 26" above the roadway surface. Both delineators must have Type V (ASTM)
retroreflective sheeting. The reflective area of the delineator on the side has a vertical dimension
of at least 3" but not more than 4.5". The horizontal dimension is at least 3.5" but not more than
4". There are three varieties of acceptable top-mounted retroreflective units. They are labeled
Type P, R, and S in the standard. Type P and R are flat rectangular delineators, both of which
have horizontal dimensions of 3". They differ in that the reflective area of Type P is 5" in height,
while Type R is 4". In addition, the reflective area of the Type P reflector is 3" removed from the
top of the barrier. The reflective area for the Type R delineator is only 0.5" removed from the
barrier top. The Type R delineator is unique in that the vertical portion of the delineator (portion
with the reflective sheet) is connected to the base portion via a flexible hinge. This is because
delineators are subject to horizontal forces that bend them parallel to the barrier. These forces
come from a variety of sources, primarily vandals, plowed snow, and wind.
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The Type S delineator is much larger than the Types P and R, and it is not flat. It is
paddle- shaped and requires a separate base to secure it to the barrier top. The reflective sheeting
measures 3" horizontally by 12" vertically. The bottom of the reflective sheeting is 2.5" removed
from the top of the barrier.
In the notes section of the standard, a maximum horizontal spacing of 80 feet for tangent
sections and 40 feet for curve sections with a radius less than 1000 feet is specified. The means
of securing the delineator to the barrier, as documented in the specifications (Pub. 408), is epoxy
or manufacturer-approved adhesive.
The standards for concrete median barrier delineators have changed numerous times in the
past. Two types of delineators that were installed under previous standards that are no longer
installed are as follows:

•

Circular reflector mounted on a square bracket - also referred to as a “center-mount”

•

Trapezoidal-shaped reflector for use on the sides of barriers. This type of delineator had
severe durability problems

These delineators are shown in Figure VII - Previous Standard Delineators.
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NOTE 3: SIDE MOUNTED DELINEATORS SHALL BE LOCATED 26 INCHES FROM THE PAVEMENT TO THE CENTER OF THE
DELINEATOR.

Figure VI – PENNDOT’s Standard Drawing for Concrete Median Barrier Delineation (TC-7604)
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Figure VII – PENNDOT’s Previous Standard Delineators

Various PENNDOT District and County Maintenance personnel have also tried different
methods of delineation in response to particular durability, maintenance, or reflective problems
that were encountered. A survey of each District Traffic Unit was conducted to determine these
special applications. A few county maintenance personnel were also contacted at the referral of
the respective District Traffic Unit. The following is a synopsis of the discussions that took
place.
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First, it was noted through these discussions that maintenance of concrete median barrier
delineation is a significant problem that is being faced statewide. Almost all Districts reported
that maintaining the delineators is a major effort that often times they cannot keep up with.
Broken delineators and their tendency to fall off of the barrier were the most cited reasons for the
maintenance problems. These two reasons point to the delineator durability and method of
mounting as areas where improvements should be considered.
A few Districts reported using raised pavement markers (RPMs) in place of the standard
delineators. This was to counteract the durability problem. RPMs are designed to be much
tougher than delineators because they are subject to traffic loads. The RPMs that are used for
mountable islands were used because they are smaller and lighter than other types of RPMs. The
larger RPMs, while providing more reflective area, were also heavier and much less likely to stay
glued to the barrier. The RPMs, with their prismatic retroreflective design, are generally more
effective at reflecting light than delineators, which use microprismatic sheeting. This partially
compensates for the smaller reflective area.
A few of the Districts also reported staggering the top and side-mounted delineators so
that they did not align vertically, as shown in the standard. The spacing between the top and side
delineators was kept at the standard distance of 80 feet. However, since they were staggered, a
delineator was encountered by the driver at half of the standard distance (every 40 feet).
Some of the Districts also reported adding side-mounted delineators in response to
specific circumstances. One District halved the spacing between delineators in problem areas.
Another District placed a second row of side-mounted delineators on the high (6 foot) median
barrier. The first row was placed at the standard height of 26 inches. The second row was placed
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at the midpoint between the first row and the top of the barrier. Another District reported using
three rows of delineators. They were using RPMs in place of the standard delineators and
wanted to compensate for the difference of reflective area between the standard delineator and a
single RPM. The arrangement of the three rows of delineators is shown in Figure VIII. In their
observation of this arrangement under traffic, they noted that drivers tended not to shy away from
the barrier to the normal extent because the bottom row of delineators more clearly locates the
bottom of the barrier to the driver. This is because the bottom row is placed on the widest
portion of barrier, which is at the bottom. The arrangement shown in Figure VIII is currently
used for all concrete median barrier applications in the District where it originated.
Three approaches were taken to counteract the problem of delineators falling off the
barrier. One District reported using different adhesives, including a Tite Bond Concrete
Adhesive that they believe works better than the normal epoxy and/or “Liquid Nails” that most
Districts reported using. One county maintenance office reported using a heavier dosage of the
typical epoxy to glue the delineators onto the barrier. He noted that they coat the barrier with
epoxy, then put an approximately 1/2" thick layer of epoxy on the delineator, and push the
delineator on until the epoxy seeps out through the holes in the plate. They then mash the epoxy
that seeps out through the holes to form an anchor. They have had good success with this
approach. A second county maintenance office reported attaching the top-mounted delineators
with lag bolts. Holes were drilled in the top of the barrier (or bridge parapet) using an electric
powered hammer drill or “hilti drill”. The hole was approximately 1.5" deep. An anchor was
then place in the hole, and delineator attached with a lag bolt and flat washer. The manager of
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this operation reported that a crew of three persons--one drilling and two attaching the
delineators--could place up to approximately 14 delineators in an hour.
Finally, during the discussions a few ideas came up which have not actually been put into
practice, but should be mentioned for future consideration. The usage of “inlaid” delineators and
reflective tape in lieu of delineators were mentioned to counteract the damage caused by forces
such as vandalism and plowed snow. Two districts were interested in solar-powered lightemitting delineators for areas with poor visibility conditions. One person had a specific type in
mind and a second indicated that he knew of a company that made a “blinking” variety, but that
PENNDOT requires the device to burn steady. Lastly, for temporary work zone barrier, an
upside-down U-shaped bracket that fits over the top of the barrier that reflectors could be
mounted to was mentioned as a way of quickly mounting and dismounting reflectors for
temporary situations.

Figure VIII – Three Side Row Delineation Configuration
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2.4.2

Delineator Standards from Other States

A survey of other states was conducted to determine their standards and specifications for
concrete median barrier delineation. The survey was conducted by telephone, as each state was
asked to send their standards and specifications for these devices. Many states have these
documents posted on a web site. In these cases, there was no need to contact them by phone.
Standards and/or specifications were reviewed for the following states. They are grouped
by geographic area to demonstrate geographic coverage. See Appendix A for complete details.

Northeast

Midwest

Connecticut

Indiana

Delaware (Specs Only)

Illinois

Maryland

Michigan

New Jersey

Minnesota (specs only)

New York

Missouri

Rhode Island

North Dakota (specs only)

West Virginia

Ohio

Vermont

South Dakota

South

West

Alabama

Alaska

Florida

Arizona

Kentucky

California
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Georgia

Colorado

Oklahoma

Montana
Nevada
Oregon
Utah

Standards for concrete median barrier delineation could not be found for the following
states. In most cases, the standards for either delineation and/or concrete median barrier were
located, but no mention was made, nor drawing shown, of delineation on concrete median
barriers.
Alaska
Arizona
Georgia
Michigan
Oregon
Rhode Island
South Dakota
Idaho

They will be developing a new standard for concrete median barrier delineators in
the near future. Preliminarily, they are planning on specifying a device that
connects to the pins in the median barrier.

Vermont

It is believed that they do not use concrete median barrier in permanent situations.
For temporary situations, the median barrier delineators are placed at a height of
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21" at 20 foot intervals. The delineators must have at least 9 in2 of reflective
surface, and they are placed on the sides only.
Alabama

According to an Alabama DOT official, they do not have statewide standards for
these devices. In general they are mounted at 40 foot spacing, with delineators
similar to PENNDOT Type R on top and the previously used trapezoidal
delineator on the side. The delineators are not mounted on the top and side, but
instead either one or the other is used.

The review of the standards will follow a format whereby states having significant
differences from the PENNDOT standards will be listed. The standards and specifications
referenced in this review can be found in the Appendix. The states being compared are: Ohio,
Connecticut, West Virginia, Nevada, California, Illinois, Utah, Kentucky, Oklahoma, Colorado,
New York, Florida, Indiana, Montana, Maryland, New Jersey, and Missouri. In addition, the
specifications were available for Delaware, Minnesota, and North Dakota. The specifications
typically only provide reflective sheet and size information. Note that exclusion of a state from
one of following lists does not necessarily imply anything, as in many cases the information
could not be determined from the standards provided.

States that bolt delineators to the barrier in lieu of adhesive

Missouri

1/4" by 1 1/4" hole drilled for an aluminum or galvanized fastener

Utah

attached with a “metal hit anchor” - detail shown in Appendix A
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Connecticut

attached with 2 - 10 mm anchor bolts

New York

attached with a 10 mm expansion bolt

Ohio

connect delineation to bridge parapets with 2 - 3/8" x 3" double wedge anchor
bolts

States that do not have delineators on the side of the barrier (top only)

New York
Connecticut
West Virginia
Nevada
California
Utah
Kentucky

unless the two sides of the barrier are separated into two walls

Colorado
Oklahoma

only if a glare screen is in place

Montana

States using different delineator shapes (e.g., circular center-mount, trapezoidal, etc)

Missouri

Similar to center-mount PENNDOT used in the past

Kentucky

Trapezoidal delineator PENNDOT used in the past on the side
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Illinois

Similar to center-mount PENNDOT used in the past (on top and sides)

New York

Similar to center-mount PENNDOT used in the past (on top and sides)

Nevada

Uses two center-mount reflectors aligned vertically

Indiana

Similar to center-mount PENNDOT used in the past (on top)

Maryland

Uses a different trapezoidal shaped delineator than PENNDOT used in the past

States using different spacing (PENNDOT spaces at 80 feet in tangent sections and 40 feet in
sharp curves)

Colorado

Spaces at 200-ft

Missouri

Spacing ranges from 100-ft in tangent and flat curves to 60-ft in sharp curves

Oklahoma

Spacing ranges from 90-ft to 50-ft

Kentucky

Spacing ranges from 100-ft to 50-ft

Utah

Spacing ranges from 100-ft to 20-ft

Illinois

Spacing ranges from 400-ft to 20-ft

California

Maximum spacing is 50-ft

Nevada

Spacing ranges from 50-ft to 20-ft

West Virginia Spacing ranges from 330-ft to 20-ft
Connecticut

Spacing ranges from 200-ft to 20-ft

Ohio

Spacing ranges from 100-ft to 50-ft

Indiana

Spacing in feet = speed limit in mph with a minimum of 20-ft
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Florida

Spacing ranges from 80-ft to 40-ft depending on the distance from the barrier to
the roadway

Montana

Spaces at 30-ft

Maryland

Spaces at 100-ft to 50-ft

New Jersey

Spaces at 80-ft

States that also use a flexible hinge/base for the top-mounted delineators

West Virginia
California

States using different sized delineators on the top (PENNDOT uses 3"x12", 3" x 5", or 3" x 4")

Nevada

minimum dimension is 6"

Oklahoma

minimum dimension is 6"

Ohio

uses 3" x 6" (also specified a requirement of 7 in2 minimum)

Connecticut

uses 3" x up to 18" depending on the barrier height

West Virginia uses 4" x 4"
Nevada

uses 3" x 3"

California

uses 3" x up to 12"

Illinois

uses 3 ½” x 4" or circular diameter of 2 3/4"

Utah

uses 3" x 4"
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Kentucky

uses 3" x 5"

Missouri

circular 3 1/8" to 3 3/8" in diameter

Delaware

uses 3" x 4"

New York

uses 3" circular diameter

Indiana

uses 3" circular diameter, 7 in2 minimum

Montana

uses 3" x 4 1/4" rectangular reflector or 3" diameter PVC tube wrapped with
reflective tape

States using different sized delineators on the side (PENNDOT uses 3 ½” to 4" x 3" to 4 ½”)

Oklahoma

minimum dimension is 6"

Kentucky

uses 3" x 5"

Illinois

uses 3 ½” x 4" or circular diameter of 2 3/4

Ohio

use side-mounted delineators, can not extend more than 5" from barrier

Florida

uses 4" x 4" or 4" x 8"

Indiana

uses 3" x 8"

Maryland

uses 5.1" x 2.8" trapezoidal (5.1" is only at bottom, it narrows towards the top)

New Jersey

uses 3.5" x 3.5"
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Miscellaneous Findings

•

None of the states surveyed puts more than one row of delineators on the side of the barrier.

•

None of the states surveyed uses raised pavement markers or anything similar looking.

•

Illinois glues delineators to the barrier, but specifies at least 7 in2 of base for adhesion

•

California only uses median barrier delineation when the barrier is closer than 8 foot; Ohio
only uses it when the barrier is closer than 10 foot (when the reason for the barrier is based
strictly on the distance to travel lane; they also have other warrants for installation), Maryland
uses it for all barrier within 15 feet.

•

Nevada and New York angle the top-mounted delineators towards traffic

•

Ohio angles the delineators vertically to facilitate rain washing

•

Florida spaces delineators strictly on the distance from the barrier to the roadway, not on
horizontal curvature.

•

Several states only use top-mounted delineators. Florida, New Jersey, and Maryland only use
side-mounted delineators.

•

Although it was not found in a standard, South Carolina used several rows of RPMs on the
pavement adjacent to the base of the barrier, with reflective paint (like a lane line) on the
barrier.

The key findings of this survey are as follows:
•

Several states, including neighboring states Ohio and New York, bolt the delineators to the
barrier.
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•

In lieu of a flexible hinge, many states use sturdy metal brackets to counteract blows to the
delineators.

•

The 3" x 12" top-mounted delineator used by PENNDOT is among the largest of the states
surveyed.

•

The majority of states surveyed only use top-mounted delineation. Three only use sidemounted delineation. PENNDOT was one of the few states reviewed that used both. None
used more than one delineator on the side.

•

In general, spacing is in line with other states. However, at 80 feet, closer spacing is used by
PENNDOT in tangent sections than most of the other states reviewed. It is also closer than
that recommended by the MUTCD, which is 200 feet to 530 feet.

2.4.3

Summary

This review and survey has demonstrated the following general principles:

•

Concrete median barrier delineation is an important traffic control device that primarily
provides the driver with guidance information on roadway alignment. It also aids the driver
in avoiding collisions with the barrier both during day and nighttime conditions. Finally,
because the color of the delineator matches the appropriate pavement marking, it also
provides regulatory information.

•

Concrete median barrier delineation, because of its location in the near roadside area, is
subject to many environmental forces, including vandalism, plowed snow, abrasion from
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blowing dust and anti-skid material, sunlight, etc. These forces can reduce or eliminate the
effectiveness of the delineation in performing its desired intent.
•

The effectiveness of concrete median barrier delineation is dependent on atmospheric
conditions, and can be rendered completely or partially ineffective due to rain, snow, fog, or
particulate matter under certain conditions.

•

There is a wide variation in the application of concrete median barrier delineation between
states and even within the state of Pennsylvania. Furthermore, there is no guidance on
delineation strategies during poor atmospheric conditions.
Specific to PENNDOT’s standard, this review suggests that the size of the 3" x 12"

(reflective area) delineator likely contributes to its vandalism problem because it is more
conspicuous than other delineators. The benefits of the increased conspicuity are questionable
because greater conspicuity likely has little value under normal nighttime driving conditions.
Even under poor visibility conditions, the prior research is inconclusive about whether a larger
reflective area contributes to greater visibility. Some research suggests that only an increase in
light intensity contributes to increased visibility. Other states use more reflective material than
the ASTM Type V sheeting recommended by the PENNDOT standard. Districts using RPMs in
lieu of standard delineators are also using more reflectivity. Perhaps PENNDOT should consider
a smaller delineator with greater reflectivity in lieu of the 3" x 12" variety. However, this is
subject is beyond the scope of this research. For the purposes of this research, the 3” x 12”
reflective area delineator will not be used in the field testing.
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Chapter 3 Durability Testing

3.1

Introduction and Methodology

Harsh environmental conditions present in the roadside environment where delineators
are mounted can result in delineators falling off of the barrier with such frequency that it causes
maintenance problems. This is particularly true during the winter months.
A durability test was conducted on S.R. 119, just north of Connellsville, Pennsylvania.
Six test sections, each having approximately 17 delineators, were established at this location.
Three test sections were adjacent to the northbound lanes, and the remaining three were on the
opposite side of the barrier adjacent to the southbound lanes. Conditions in each of the test
sections were very similar because they were set up over a short distance, had a uniform cross
section, with similar traffic conditions, and identical winter maintenance treatment. This test
section was chosen by the PENNDOT District 12-0 Traffic Engineer due to its uniformity with
respect to both traffic and environmental conditions. Furthermore, all delineators were installed
on the same day by a professional crew of PENNDOT maintenance personnel.
Three different adhesive types were tested: Liquid Nails, Tite Bond, and Peel-n-Stick
(with butyl pad). Each adhesive was used to attach all of the delineators in two of the six
sections. Each adhesive was used in one northbound and one southbound test section. All
delineators were mounted on the side, approximately one foot from the pavement level, where
environmental conditions should be harsher than the normal position, which is near the top of the
barrier.
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In total, 101 delineators were mounted over the six test sections. The delineators were
mounted during the first week in September 2001. The survival rate was closely monitored for
one year, which was as long of a time period as feasible given the overall length of the research
project. In addition, the application rates associated with each of the adhesive types were
measured. The results of each are discussed below.

3.2

Results

3.2.1

Application Rate

The application rate associated with each adhesive type was determined by noting the
total time to mount all of the delineators using the particular adhesive, and dividing it by the total
number of delineators mounted using the particular adhesive. The results of this analysis are
shown in Table 3-1 (See Appendix B for additional information). Note that not all of the
delineators mounted for this test were included in the application rate determination. Some were
not included if unusual circumstances arose, as per the judgment of the researchers.
Furthermore, delineators were also mounted on the top of the barrier as place markers at the same
time they were mounted on the side in the southbound direction. Finally, note that the
installation time includes measurement for the layout of the delineators and the removal of
existing delineators in addition to the installation of the new delineators. The removal of existing
delineators was found to be negligible, as it was less than five seconds.
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Table 3-1 – Application Rates Associated with Each Adhesive Type
Total Delineators

Total Time

Application Rate

Mounted

(minutes)

(delineators/hour)

Liquid Nails

49

41

72

Tite Bond

50

45

67

Peel-n-Stick

46

35

79

Delineator Type

It was found that the application rate associated with the Peel-n-Stick delineators was the
highest at 79 delineators per hour. This was expected, as there is no glue to apply to the
delineator before attaching it to the barrier. It was nearly 20% faster than the Tite Bond –
attached delineators. However, there was not a great disparity between any of the rates. Tests of
the statistical significance of the differences in rates revealed that there were no statistically
significant differences in any of the rates.

3.3.2

Survival Rate

The 101 side-mounted delineators were distributed among the test sections as shown in
Table 3-2. Note that the southbound sections were installed first, beginning in the north with
Section 1. It was noted at the time that the barrier was slightly damp due to some morning dew.
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Table 3-2 – Arrangement of Delineators in the Durability Test Sections
Southbound Sections

Northbound Sections

Section 1 – 16 Attached Using Liquid Nails Section 4 – 17 Attached Using Liquid Nails
Section 2 – 16 Attached Using Tite Bond

Section 5 – 16 Attached Using Peel-n-Stick

Section 3 – 18 Attached Using Peel-n-Stick

Section 6 – 18 Attached Using Tite Bond

The total sample size for each adhesive was as follows:

Liquid Nails – 33
Tite Bond – 34
Peel-n-Stick – 34

The survival rate was closely monitored from the time the delineators were mounted in
early September 2001 until September 2002. Over that time period, four of the 101 delineators
had become detached. All four of the delineators were attached using Liquid Nails. One of these
fell from the northbound Liquid Nails test section, and three fell from the southbound Liquid
Nails test section. It was noted that one delineator became detached during each of the
following four months October, December, March, and May. In short, the survival rates for each
adhesive type for the one year period are as follows: Liquid Nails – 88%, Tite Bond – 100%, and
Peel-n-Stick-100%.
It must be noted that the winter that occurred during the test period was extremely mild
compared to the normal conditions. Table 3-3 shows the normal and actual average temperatures
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for Pittsburgh, PA (as recorded by the National Weather Service) during the test period. The
usual winter months of December and January were extremely mild. The period of February
through May was slightly warmer than usual, with May actually being colder than normal. The
last nighttime temperature in the 30's (Fahrenheit) occurred May 23, when the low temperature
was 38 degrees
In addition, winter maintenance activities were significantly less frequent than usual. The
first snowfall occurred on 11/20/02 when a trace of snow was recorded. There were only seven
days all winter that had snowfalls greater than 1 inch. There were two each in December,
January, and February, and one in March. The last snowfall occurred April 6 when again a trace
was recorded.

Table 3-3 – Actual Mean Temperature vs. Normal Mean Temperature – 9/01 to 9/02, Pittsburgh,
PA (Source: National Weather Service)
Month
9 / 01
10 / 01
11 / 01
12 / 01
1 / 02
2 / 02
3 / 02
4 / 02
5 / 02
6 / 02
7 / 02
8 / 02

Actual Mean Temperature (F)
62.1
54.1
48.2
37.4
35.4
35.0
40.9
52.7
56.7
70.6
76.0
74.1

Normal Mean Temperature (F)
63.9
52.3
42.3
31.4
27.5
30.5
39.8
49.9
60.0
68.4
72.6
70.8
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3.3.3

Cost Analysis

A cost analysis was performed using the results of the survival and application rate tests. The
costs of the materials, installation, and replacement were the primary costs considered. The
following assumptions were made in the cost analysis.

•

First, it was assumed that the delineators could be replaced at the same unit cost that they
were originally installed. This likely underestimates the cost since the fixed costs of
installing the delineators are spread over a much smaller quantity when they are being
replaced as opposed to the initial installation.

•

The costs of traffic control are not included.

•

The survival rate in all years of the delineator life cycle is equal to that experienced in the
first year. The Liquid Nails adhesive, which had an 88% survival rate for one year, was
projected to have a 41% survival rate at the end of five years.

•

The life cycle of a delineator is five years. This was provided by the PENNDOT
maintenance foreman, and was based on his estimate of the expected duration between
total delineator replacement projects at a given location.

The results of the cost analysis are shown in Table 3-4 (See Appendix B for calculations). It
was found that the Liquid Nails adhesive yielded the highest associated cost per delineator. This
was mainly because of the replacement costs associated with the delineators expected to fall from
the barrier. The adhesive with the lowest associated cost was Peel-n-Stick. The cost of the
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delineator alone was slightly higher than the others, however, once the cost of the adhesive was
added to the Liquid Nails and Tite Bond attached delineators, they were all roughly the same
cost. The timesavings associated with the Peel-n-Stick delineators then provided cost savings
necessary to make it the least cost choice. Please note that had no delineators became detached
during the durability test, the Peel-n-Stick delineators still would have been the least cost choice
because of the cost savings associated with the decreased installation time.

Table 3-4 – Cost Analysis
Material Cost
Delineator Type
($/delineator)

Installation
Cost
($/delineator)
0.89

Replacement
Cost
($/delineator)
2.82

Total Cost
($/delineator)

Liquid Nails

3.90

Tite Bond

3.86

0.96

0

4.82

Peel-n-Stick

3.88

0.81

0

4.69

3.4

7.61

Concluding Remarks

The purpose of this study was to determine the best adhesive for use to minimize the cost
of delineating concrete median barriers. Three adhesive types were tested, and the Peel-n-Stick
delineators were identified as the least cost choice. They were the most expensive choice based
on the cost of the delineator alone. However, when the cost of the adhesive is added in, they
were all virtually the same cost. When the installation time savings offered by the Peel-n-Stick
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delineators are considered, they then become the least cost alternative. In addition, the survival
rate of the Peel-n-Stick delineators during the one-year durability test was 100%. The durability
was also monitored during a six-month period, lasting from September, 2002 to March 2003.
This time frame encompassed the winter months, which were harsher than those in the previous
winter. It was found that an additional nine delineators became detached. However, Peel-n-Stick
maintained a 100% survival rate. It should also be noted that in one of the Peel-n-Stick test
sections, there were tire marks on the barrier, and in some cases the delineators were torn in half.
Despite the damage done to the delineators, they still remained attached to the barrier. Lastly,
although it was not considered, the delay costs for traveling public resulting from the traffic
control required to install the delineators would also be the least for the Peel-n-Stick delineators.
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Chapter 4 Visibility Testing

4.1

Introduction and Test Description

In response to a perceived need for increased median barrier delineation in areas prone to
poor visibility conditions, PENNDOT personnel have informally tried different delineation
configurations than those shown on the typical drawings. Most of the variations included a sidemounted delineator near the base of the barrier, as it was felt that this identified the barrier roadway boundary better for the driver. Some of the variations also included three side-mounted
delineators at a single location. One of the delineators was near the top in the location shown on
the typical drawings, one was near the bottom as described previously, and a third was placed
near the middle of the barrier. This configuration evolved from an unofficial configuration
previously used by PENNDOT that utilized raised pavement markers instead of typical
delineators. The raised pavement markers were preferred because they were thought to be more
durable. However, they had less reflective surface per unit than the typical delineator, hence the
need for additional units.
The visibility tests were conducted on US 40 just east of Uniontown, PA on what is
locally known as “Summit Mountain.” This area has a history of poor visibility conditions due to
fog because it is several thousand feet higher in elevation than the Uniontown area just to the
west.
Through the test site, U.S. 40 was two lanes in each direction separated by a typical
safety-shaped concrete median barrier located 1 foot from the inside lane in both directions. Lane
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widths were 11 feet, and the outside shoulders were paved and were roughly 10 feet in width in
the eastbound direction and 8 feet in the westbound direction. The test site was on a 7 to 8%
grade, with the eastbound direction being upgrade. The overall site was divided into four
subsections, each approximately 1800 feet in length. During the tests, each subsection was to
contain a different delineator configuration than the subsection adjacent to it. Two of the
subsections were in the eastbound direction and two were in the westbound direction. There was
an approximately 2200-foot radius horizontal curve roughly in the middle of the overall site that
formed the dividing point for the subsections.
In general, the visibility provided by competing delineators configurations was gauged by
traveler speed. During poor visibility conditions, traveler speeds drop well below normal. The
delineator configuration that resulted in the highest speed, i.e., most normal speed, was
considered to be superior. In each subsection, automated traffic recorders that collected both
volume and speed data were placed in both lanes approximately one third of the way into the
subsection. In addition, there was a control station in each direction just over the summit where
there was no concrete median barrier and hence no delineation or delineation changes from trial
to trial. The purpose of these stations was to monitor for drastic changes in speeds from test to
test.
Finally, although four test subsections were formed, only two competing delineator types
were tested during each phase. Both the eastbound and westbound directions were setup
identically. For example, a driver in the eastbound direction would encounter configuration A,
followed by configuration B. The driver in the westbound direction would also encounter
configuration A followed by B. Since the eastbound and westbound subsections were directly
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opposite of one another on the roadway cross-section, if configuration A was in the eastbound
direction on one side of the barrier, configuration B would be on the opposite side of the barrier
facing westbound traffic. See Figure X for the layout of the test sections.

Figure X - Visibility Test Section Layout
The visibility test was conducted in four phases:

Phase I

Traffic speeds and volumes were collected for the base condition, which was an
assortment of past delineator installations. It was noted that many of the
delineators were missing or old and ineffective.
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Phase II

A test was conducted that compared two options of locating a single side-mounted
delineator. One version had the single side-mounted delineator mounted near the
top in conjunction with the typical top-mounted delineator. This is the current
PENNDOT standard installation. The other version had the side-mounted
delineator mounted near the bottom with the top-mounted delineator unchanged.

Phase III

In the Phase II testing, the bottom side-mounted delineator outperformed the sidemounted delineator located near the top. Thus, this test compared a single sidemounted delineator with a configuration that used three side-mounted delineators
(one near the top, one near the bottom, and one in middle. Both configurations
had a single top-mounted delineator as per PENNDOT standards.

Phase IV

In the Phase III testing, there was not a significant difference between the
competing configurations. Therefore, the single side-mounted delineator near the
bottom configuration was used to test the effectiveness of reducing the
longitudinal spacing of the delineators. PENNDOT standards call for the
delineators to be spaced at 80 feet in tangent sections and 40 feet in curves. Two
of the subsections were setup at this spacing, and two were set up at halved
spacing.

The details and results of each of the test phases are provided in the following sections
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4.2

Phase I - Baseline Conditions

Traffic volumes and speeds were collected in each of the test subsections and the two
control locations on 6/11/01 and 6/12/01. No poor visibility conditions were present during the
data collection. Nighttime data was queried from 9pm to 6am, as sunrise was at 5:51 am and
sunset occurred at 8:47 pm (National Weather Service - Pittsburgh). The pertinent traffic data
are summarized in Table 4-1 (See Appendix C for complete data set). As can be seen, it is
normal for speeds to be in the upper 40s or lower 50s through the test site. Furthermore, there is
not a great differential between overall speeds and nighttime speeds. Finally, the combined
control station speed was 50.6 mph both over the entire time period and during the nighttime.
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Table 4-1 Summary of Baseline Conditions

Westbound

East Bound

Control Station

Control Station

Overall
Average = 48.1mph
S = 3.4 mph
Volume = 5193 veh

Nighttime
Average = 48.3 mph
Volume = 619 veh

Overall
Average = 53.2 mph
S = 3.6 mph
Volume = 5077 veh

Section 1
Overall
Average = 53.9 mph
S = 4.2 mph
Volume = 5268 veh

Section 2

Nighttime
Average = 51.0 mph
Volume = 643 veh

Overall
Average = 51.5 mph
S = 7.11 mph
Volume = 5407 veh

Section 2
Overall
Average = 55.5 mph
S = 4.8 mph
Volume = 4130 veh

4.3

Nighttime
Average = 53.1 mph
Volume = 591 veh

Nighttime
Average = 50.4 mph
Volume = 652 veh

Section 1

Nighttime
Average = 55.0 mph
Volume = 551 veh

Overall
Average = 55.6 mph
S = 3.9 mph
Volume = 5305 veh

Nighttime
Average = 54.7 mph
Volume = 645 veh

Phase II - High vs Low Side-Mounted Delineators

From 11/28/01 to 12/03/01, traffic data were recorded as part of Phase II. In this test, the
differences between providing a single side-mounted delineator near the top of the barrier was
compared with locating it near the bottom. A summary of general statistics from this test are
provided in Table 4-2 (See Appendix D for complete data set). The period from 8 pm to 6 am
was used as the nighttime hours. The sunrise during this time period was approximately 7:20am,
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and the sunset was approximately 5:00pm. However, the nighttime period was shortened so that
commuter traffic and early evening traffic could be missed. During these periods of relatively
high traffic, drivers can rely too heavily on the lights of other vehicles for guidance. The
combined control station speed was 49.5 mph overall and 50.4 mph during the nighttime.
Interestingly, none of the test sections had nighttime speed greater than the overall speed,
whereas both the control stations did. The cause of this is unknown. See Figure XI for a detail
of the configuration.

Figure XI – Phase II Configuration
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Table 4-2 Summary of Results for Phase II of the Visibility Testing

Westbound

East Bound

Control Station

Control Station

Overall
Average = 51.7 mph
S = 2.1 mph
Volume = 22787 veh

Nighttime
Average = 52.2 mph
Volume = 4132 veh

Overall
Average = 47.2 mph
S = 2.3 mph
Volume = 22749 veh

Section 1 - High Side Mount
Overall
Average = 50.6 mph
S = 2.5 mph
Volume = 24040 veh

Section 2 - Low Side Mount

Nighttime
Average = 49.6 mph
Volume = 3372 veh

Overall
Average = 50.2 mph
S = 2.8 mph
Volume = 23900 veh

Section 2 - Low Side Mount
Overall
Average = 50.3 mph
S = 3.2 mph
Volume = 23584 veh

Nighttime
Average = 48.0 mph
Volume = 3065 veh

Nighttime
Average = 49.3 mph
Volume = 4421 veh

Section 1 - High Side Mount

Nighttime
Average = 48.6 mph
Volume = 3289 veh

Overall
Average = 49.3 mph
S = 3.3 mph
Volume = 23736 veh

Nighttime
Average = 47.9 mph
Volume = 4398 veh

The individual hours during the test were examined to determine the times during which
the slowest traffic occurred. The data during these times was aggregated and analyzed in a
number of ways. First, the upper sections (Eastbound Section 2 and Westbound Section 1) were
compared to each other. Next, the lower sections (Westbound Section 2 and Eastbound Section
1) were compared. Finally, the aggregation of sections with like delineator configuration was
compared to one another. In other words, the data for the two Section 1s were aggregated and
compared to the Section 2s. In the analysis of the data for this phase and Phase III, it became
apparent that the flashing beacon at the summit and the flashing warning sign located in
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Eastbound Section #2 had an influence on driver speeds during the slow speed periods. While
traffic speeds in other sections were depressed, the speeds in Eastbound Section #2 remained
relatively high. For that reason, the data comparisons involving this section were disregarded. In
the end, only the data from the lower sections were used in the comparisons.
Table 4-3 shows a comparison of traffic speeds during the four slowest hours sampled.
These were determined by ranking all of the hours sampled by the aggregate speed over the four
subsections. There was a definitive breakpoint between these four hours and the fifth slowest
hour, as there was a differential of 2.1 mph. In general, the procedure to determine the
configuration yielding the highest speeds during the slowest period entailed comparing the
difference in speeds between the two sections at that time against the difference experienced
during the overall nighttime period. In this instance, during the normal nighttime hours, the WB
section had speeds (48.6 mph) that were 0.7 mph higher than the EB section (47.9 mph). During
the four slowest hours, speeds in the WB section were a total of 4.5 mph higher than the EB
section. In four nighttime hours, it was expected that the differential should be 2.8 mph (0.7 mph
times 4). Therefore, the delineators in the WB section outperformed those in the EB section by
an even larger margin than was the case during the typical nighttime hours. However, it must be
noted that the magnitude of the difference is small, and in two of the four hours, speeds in the EB
direction were actually greater than those in the WB direction.

71

Table 4-3 - Comparison of Speeds During the Low Speed Hours – Phase II

Hour
(Slowest
First)

Overall
Speed (mph)

WB
Section
Speed
(mph)

EB Section
Speed
(mph)

Difference
(mph)

Overall
Nighttime
Difference
(mph)

Relative
Difference
(mph)

1

38.6

37.7

38.0

-0.3

0.7

-1.0

2

40.1

38.6

36.8

1.8

0.7

1.1

3

40.9

36.7

41.1

-4.7

0.7

-5.4

4

41.0

43.1

35.4

7.7

0.7

7.0

4.5

2.8

1.7

AGGREGATE

4.4

Phase III - Low vs Three Side-Mounted Delineators

From 5/31/02 to 6/07/02, traffic data were recorded as part of the third phase of the
visibility testing, which was conducted to test for differences between providing a single sidemounted delineator near the bottom of the barrier and providing three side-mounted delineators.
A summary of general statistics from this phase is provided in Table 4-4 (See Appendix E for
complete data set). The period from 9 pm to 5 am was used as the nighttime hours. The sunrise
during this time period was approximately 5:50am, and the sunset was approximately 8:40pm.
The combined control station speed was 48.8 mph overall and 48.9 mph during the nighttime.
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These results are consistent with the control counts from the other phases. As in Phase II,
the nighttime speed is slightly higher than the overall speed. See Figure XIII for the
configuration for this phase.

Figure XII – Phase III Configuration
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Table 4-4 Summary of Results for Phase III

Westbound

East Bound

Control Station

Control Station

Overall
Average = 47.4 mph
S = 2.9 mph
Volume = 42353 veh

Nighttime
Average = 47.7 mph
Volume = 4333 veh

Overall
Average = 50.1 mph
S = 4.7 mph
Volume = 43725 veh

Section 1 - Three Side Mounts
Overall
Average = 48.4 mph
S = 3.2 mph
Volume = 40190 veh

Section 2 - Low Side Mount

Nighttime
Average = 46.2 mph
Volume = 4498 veh

Overall
Average = 57.9 mph
S = 2.3 mph
Volume = 46991 veh

Section 2 - Low Side Mount
Overall
Average = 54.3 mph
S = 2.2 mph
Volume = 44017 veh

Nighttime
Average = 50.1 mph
Volume = 4288 veh

Nighttime
Average = 57.9 mph
Volume = 5402 veh

Section 1 - Three Side Mounts

Nighttime
Average = 52.4 mph
Volume = 4594 veh

Overall
Average = 48.4 mph
S = 2.2 mph
Volume = 45168 veh

Nighttime
Average = 46.9 mph
Volume = 4516 veh

As was done with the data from Phase II, the hours were ranked by overall speed and the
slowest hours were selected for further analysis. Table 4-5 shows a comparison of traffic speeds
during the five slowest hours sampled as part of Phase III. When the analytical procedures used
for Phase II were used with these data, it revealed that WB section had the higher overall speeds
at nighttime, and that margin grew even larger during the low speed times. Therefore, it was not
expected that there was any benefit to the three delineator configuration over the single sidemounted delineator near the bottom.
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Table 4-5 - Comparison of Speeds During the Low Speed Hours – Phase III

Hour
(Slowest
First)

Overall
Speed (mph)

WB
Section
Speed
(mph)

EB Section
Speed
(mph)

Difference
(mph)

Overall
Nighttime
Difference
(mph)

Relative
Difference
(mph)

1

45.1

50.5

41.6

8.9

5.5

3.4

2

46.2

48.4

43.7

4.6

5.5

-0.9

3

46.4

51.5

40.6

10.9

5.5

5.4

4

46.6

50.2

43.0

7.2

5.5

1.8

5

47.6

51.5

43.4

8.1

5.5

2.6

39.7

27.5

12.2

AGGREGATE

4.5 Phase IV - Halved Spacing

From 8/29/02 to 9/04/02, traffic data were recorded for the final testing phase, which was
conducted to test for differences between normal PENNDOT spacing and halved spacing. The
configuration used in this phase was the single side-mounted delineator near the bottom in
combination with a top mounted delineator. A summary of general statistics from this phase is
provided in Table 4-6 (See Appendix F for complete data set). The period from 8 pm to 6 am
was used as the nighttime hours. The sunrise during this time period was approximately 6:50
am, and the sunset was approximately 7:50 pm. The combined control station speed was 47.6
mph overall and 48.3 mph during the nighttime. These results are consistent with the control
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counts from the other phases. As with the other testing phases, the nighttime speed is slightly
higher than the overall speed.

Table 4-6 - Summary of Results for Phase IV

Westbound

East Bound

Control Station

Control Station

Overall
Average = 48.3 mph
S = 2.35 mph
Volume = 49530 veh

Nighttime
Average = 49.5 mph
Volume = 7393 veh

Overall
Average = 46.8 mph
S = 1.12 mph
Volume = 49309 veh

Section 1 - Halved Spacing
Overall
Average = 50.9 mph
S = 3.36 mph
Volume = 48738 veh

Section 2 - Regular Spacing

Nighttime
Average = 49.2 mph
Volume = 7631 veh

Overall
Average = 51.1 mph
S = 1.98 mph
Volume = 48257 veh

Section 2 - Regular Spacing
Overall
Average = 54.8 mph
S = 8.36 mph
Volume = 30512 veh

Nighttime
Average = 46.9 mph
Volume = 6545 veh

Nighttime
Average = 50.0 mph
Volume = 6599 veh

Section 1 - Halved Spacing

Nighttime
Average = 52.9 mph
Volume = 4849 veh

Overall
Average = 50.5 mph
S = 2.00 mph
Volume = 19524 veh

Nighttime
Average = 49.0 mph
Volume = 3008 veh

As with the other phases, the hours were ranked by overall speed and the slowest hours
were selected for further analysis. Table 4-7 shows a comparison of traffic speeds during the
three slowest hours sampled as part of Phase IV. The same analytical procedures as described
under Phase II were used. This analysis revealed that while the WB section had the higher
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overall speeds at nighttime, the EB section generally had the higher speeds during the slowest
periods. This is the section that had the spacing halved. Therefore, it is expected that the halved
spacing was beneficial to the drivers during the slowest periods.

Table 4-7 - Comparison of Speeds During the Low Speed Hours – Phase IV

Hour
(Slowest
First)

Overall
Speed (mph)

WB
Section
Speed
(mph)

EB Section
Speed
(mph)

Difference
(mph)

Overall
Nighttime
Difference
(mph)

Relative
Difference
(mph)

1

42.7

45.2

39.4

-5.8

3.9

-9.7

2

45.7

48.8

44.6

-4.2

3.9

-8.1

3

47.4

47.2

48.8

1.6

3.9

-2.3

-8.4

11.7

-20.1

AGGREGATE

4.6

Conclusions

In conclusion, from the visibility tests that were conducted, the following
recommendations can be made:
In poor visibility conditions, the single side-mounted delineator at the bottom provides
better guidance to the driver than the single side-mounted delineator at the top. Note that this
assumes a top-mounted delineator will be provided. It is speculated that during poor visibility
conditions, more drivers use their low headlight beams, and that this may have contributed to the
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results of the test. Also note that these were newly mounted delineators, and that delineators
mounted lower to the road are more subject to abrasion and abuse that would cause them to fall
off, and materials that can coat the delineator and cause it to lose its reflectivity. Finally, note
that of the three tests conducted, the results of this test were the weakest.
There was no difference in speeds found between providing the single bottom sidemounted delineator and three side-mounted delineators. Although the three side-mounted
delineator configuration creates a redundancy issue it guards against having no side-mounted
delineation for 80’ to 160’ in the case where the delineator would become detached from the
barrier.
The halved spacing provided drivers with better guidance information during poor
visibility conditions. Of the three tests conducted, the results of this test were the strongest.
As a result of the visibility testing outcome, PENNDOT has developed a preliminary
standard which specifies mounting delineators on the top or on the side near the top and on the
side near the bottom. The configuration is shown in Figure XIII. This configuration will be
implemented in upcoming construction projects, and monitored to test the effectiveness of the
preliminary configuration.
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Figure XIII – Preliminary Configuration for PENNDOT Standard
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Chapter 5 Summary of Conclusions

5.1 Summary of Conclusions

This research was comprised of three main research efforts:

1.

Literature Review and State of the Practice Survey

2.

Durability Test

3.

Visibility Test

The conclusions from each are summarized below

5.2

Literature Review and State of the Practice Survey

This review and survey demonstrated the following general principles:

Concrete median barrier delineation is an important traffic control device that primarily
provides the driver with guidance information on roadway alignment. It also aids the driver in
avoiding collisions with the barrier both during day and nighttime conditions. Finally, because
the color of the delineator matches the appropriate pavement marking, it also provides regulatory
information.
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Concrete median barrier delineation, because of its location in the near roadside area, is
subject to many environmental forces, including vandalism, plowed snow, abrasion from
blowing dust and anti-skid material, sunlight, etc. These forces can reduce or eliminate the
effectiveness of the delineation in performing its desired intent.
The effectiveness of concrete median barrier delineation is dependent on atmospheric
conditions, and can be rendered completely or partially ineffective due to rain, snow, fog, or
particulate matter under certain conditions.
There is a wide variation in the application of concrete median barrier delineation
between states and even within the state of Pennsylvania. Furthermore, there is no guidance on
delineation strategies during poor atmospheric conditions.
Specific to PENNDOT's standard, this review suggests that the size of the 3" x 12"
(reflective area) delineator likely contributes to its vandalism problem because it is more
conspicuous than other delineators. The benefits of the increased conspicuity are questionable
because greater conspicuity likely has little value under normal nighttime driving conditions.
Even under poor visibility conditions, the prior research is inconclusive about whether a larger
reflective area contributes to greater visibility. Some research suggests that only an increase in
light intensity contributes to increased visibility. Other states use more reflective material than
the ASTM Type V sheeting recommended by the PENNDOT standard. Districts using RPMs in
lieu of standard delineators are also using more reflectivity. Perhaps PENNDOT should consider
a smaller delineator with greater reflectivity in lieu of the 3" x 12" variety. However, this subject
is beyond the scope of this research.
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Several states, including neighboring states Ohio and New York, bolt the delineators to
the barrier. In lieu of a flexible hinge, many states use sturdy metal brackets to counteract blows
to the delineators.
The 3" x 12" top-mounted delineator used by PENNDOT is among the largest of the
states surveyed.
The majority of states surveyed only use top-mounted delineation. Three only use
side-mounted delineation. PENNDOT was one of the few states reviewed that used both. None
used more than one delineator on the side.
In general, spacing is in line with other states. However, at 80 feet, closer spacing is used
by PENNDOT in tangent sections than most of the other states reviewed. It is also closer than
that recommended by the MUTCD, which is 200 feet to 530 feet.

5.3

Durability Test

The purpose of this study was to determine the best adhesive for use to minimize the cost
of delineating concrete median barriers. Three adhesive types were tested, and the Peel-n-Stick
delineators were identified as the least cost choice. They were the most expensive choice based
on the cost of the delineator alone. However, when the cost of the adhesive was added in, they
were all virtually the same cost. When the installation time savings offered by the Peel-n-Stick
delineators were considered, they then become the least cost alternative. In addition, the survival
rate of the Peel-n-Stick delineators during the one-year durability test was 100%. Lastly,
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although it was not considered, the delay costs for traveling public resulting from the traffic
control required to install the delineators would also be the least for the Peel-n-Stick delineators.

5.4

Visibility Test

In conclusion, from the visibility tests that were conducted, the following
recommendations can be made:
In poor visibility conditions, the single side-mounted delineator at the bottom provides
better guidance to the driver than the single side-mounted delineator at the top. Note that this
assumes a top-mounted delineator will be provided. It is speculated that during poor visibility
conditions, more drivers use their low headlight beams, and that this may have contributed to the
results of the test. Also note that these were newly mounted delineators, and that delineators
mounted lower to the road are more subject to abrasion, abuse that would cause them to fall off,
and materials that can coat the delineator and cause it to lose its reflectivity. Finally, note that of
the three tests conducted, the results of this test were the weakest.
There was no difference found between providing the single bottom side-mounted
delineator and three side-mounted delineators.
The halved spacing provided drivers with better guidance information during poor visibility
conditions. Of the three tests conducted, the results of this test were the strongest.
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5.5 Recommendations

It is recommended that in areas prone to poor visibility conditions, that consideration be
given to decreasing the longitudinal spacing, and providing delineation lower on the barrier than
shown in the standards. Site specific conditions and engineering judgment can dictate how much
closer the spacing should be, as well as how low on the barrier to mount a delineator. It must be
noted that due to time restrictions, this research was not able to address whether delineators
remain effective when exposed to conditions near the pavement surface over a long period of
time. This should be monitored in the appropriate instances. With respect to durability, in
instances where the peel-and-stick delineators (such as those currently offered by Sun Labs) are
comparable in price to obtaining the delineators and adhesive separately, that special
consideration should be given to the peel-and-stick delineators. Their installation time was found
to be less, and their durability was perfect over the one-year period monitored and again during
the six-month update. They should also be given special consideration in instances where user
delay due to the traffic control set up to install the delineators is critical. Finally, the literature
review revealed the ultimate solution to delineation under poor visibility conditions is lightemitting delineation. Consideration should remain open to such solutions.
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